Leptin is a hormone involved in the regulation of feed intake and energy balance in animals. The expression and secretion of leptin is highly correlated with body fat mass and adipocyte size. The regulation of leptin is integrated into a broad regulatory network including other hormones and cytokines. Leptin's effects on food intake and energy expenditure is thought to be mediated centrally via various neurotransmitters. Peripheral hormones, including insulin and glucocorticoids, stimulate the expression of leptin. While leptin action has been well studied in rodents and humans, its role in farm animals remains to be determined in relation to feed intake and energy metabolism. Leptin may play a role in the regulation of regional fat distribution. The deposition of intramuscular fat (marbling) is positively correlated with the palatability of beef and, therefore, investigations into the mechanisms underlying fat aecretion in this depot are underway. Studying the relationship between leptin and lipid metabolizing enzymes may provide us with clues on the mechanisms governing site-speeifie fat aecretion in farm animals.
Introduction
The major goals of meat animal science are to achieve higher lean protein produetion and improve productive efficiency while retaining or increasing favourable aspects of meat quality. Production-oriented animal management aims to maximize meat produetion while reducing the deposition of unfavourable fat, while quality-oriented strategies focus on increasing the amount of intramuscular fat to achieve better meat quality. Both approaches require adequate knowledge about the mechanisms Controlling the deposition and partitioning of fat tissue. A detailed knowledge of the mechanism of fat tissue development is crucial to the treatment of obesity in humans and manipulation of meat produetion in livestock. In vitro studies have suggested that many factors are involved in adipocyte proliferation and differentiation, including adipogenic gene products (e.g. adipocyte lipid binding protein-2, glucose transport protein-4 and fatty acid synthase) and transcription factors (e.g. CAAT/enhancer binding proteins alpha and beta, and peroxisome proliferatoractivated receptor gamma). Since the murine leptin gene was cloned in 1994 (ZHANG et al., 1994) , the protein hormone has been studied extensively due to its unique role in food intake and energy balance, and potential therapeutic value. The general biological role of leptin has been reviewed thoroughly e.g. by HOUSEKNECHT et al. (1998) and FRIEDMAN and HALAAS (1998) . The following summarizes some of the major features of leptin action and its regulation, with attention drawn to its possible role in the accumulation and distribution of fat in farm animals.
Leptin and the leptin receptor
In an attempt to explain the regulation of energy balance, the lipostatic theory proposed that a product of fat metabolism circulated in the blood and interacted with receptors associated with the central nervous system (KENNEDY, 1953) . A parabiosis experiment performed by HERVY (1958) provided evidence for the existence of this circulating factor. It was not until 1994, however, that this factor was first characterized and its gene cloned by Friedman's group (ZHANG et al., 1994) . The leptin gene was isolated through positional cloning from ob/ob mice that failed to produce leptin and displayed extreme obesity and hyperphagia. The protein hormone has been shown to be initially translated into a 167 amino acid precursor, from which a 21 amino acid signal peptide is cleaved. Mature leptin is a 16 kDa non-glycosylated Polypeptide with two cysteines forming an intramolecular disulfide bond (ZHANG et al., 1994) . There is high degree of homology in leptin from different species. Leptin may function as part of a signalling pathway from adipose tissue that acts to regulate feed intake and energy stores (ZHANG et al., 1994) . Obesity in both rodents and humans is generally associated with elevated leptin levels . Furthermore, obesity is a quantitative trait for which a series of genes are responsible (CHAGNON et al., 1997) . Leptin is produced in and secreted abundantly from adipose tissue, and at lower levels in placenta and gastric epithelium, suggesting a role for leptin in both energy balance and reproduetion (BADO et al., 1998; MASUZAKI et al., 1997) . Leptin may also partieipate in hematopoiesis (BENNETT et al., 1996) . Another form of mouse obesity, designated db/db, demonstrates Symptoms similar to those observed in ob/ob mice, but the db/db mice failed to be rescued by leptin administration (TARTAGLIA et al., 1995) . It was proposed that db/db mice might have a mutation of the gene encoding the leptin receptor. In 1995, Tartaglia and coworkers reported the cloning of the mouse leptin receptor and mapped it to chromosome 4 (TARTAGLIA et al., 1995) .
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The genes for both leptin and the leptin receptor have been cloned and sequenced from the mouse, rat and human, as well as from bovine, porcine and ovine tissues (ZHANG et al, 1994; OGAWA et al., 1996; MASUZAKI et al., 1995; LIEN et al., 1997; RAMSAY et al., 1998; DYER et al., 1997) . The murine leptin receptor is a 1142 amino acid transmembrane protein. The receptor has been suggested to be a glycoprotein 130 analog, with the extracellular region containing a Trp-Ser-X-Trp-Ser motif and the intracellular region containing both Janus kinase and Stat interaction sequences (WHITE et al., 1996) . This implicated the signal transduction mechanism of the leptin receptor as a member ofthe class I cytokine receptor family, acting either via the Jak-Stat signal transduction pathway, or through the MAPK or PI-3 Systems (WATOWICH et al., 1996) . The gene encoding the leptin receptor in db/db mice has been shown to undergo abnormal splicing, yielding a truncated receptor. At least six leptin receptor isoforms have been found in mice. These isoforms are translated from differently spliced leptin receptor mRNA precursors (WANG et al., 1996) . In db/db mice, the truncated leptin receptor failed to process the ligand signal . In obese Zucker rats, a point mutation in the extracellular domain (resulting in a Gin to Pro conversion) has been suggested to impair receptor dimerization, thereby blocking the signal transduction pathway. Leptin receptors are found in many tissues including choroid plexus, hypothalamus, lung, and pancreatic cells. The long form receptor, however, has been shown to be prevalent in the hypothalamus region, while the short form receptors were more dispersed. The biological function ofthe short form leptin receptor remains unclear.
Role of leptin in energy balance
Leptin was hypothesized to be a "satiety factor" because its absence in ob/ob mice results in extreme obesity and hyperphagia. After treatment with leptin, ob/ob mice reduce food intake and, ultimately, their body weight (PELLEYMOUNTER et al., 1995) . As well, leptin treatment has been shown to result in the elimination of all visible fat in normal rodents (CHEN et al., 1996) . Leptin had been considered to be a promising candidate in therapeutic approaches to the treatment of human obesity because leptin-induced reductions in both body weight and fat deposition were retained for several weeks after the termination of leptin administration (CHEN et al., 1996) . Subsequent studies, however, indicated that its effects must be more complex than simple appetite suppression. When injeeted with leptin, lean mice lost considerable body weight, yet their appetite was essentially unchanged (LEVTN et al., 1996) . It required 5 to 10 times rnore leptin to reduce the fat stores of diet-induced obese mice than to weight-matched ob/ob mice. The action of leptin appears to be more complicated. In most human obesity cases , as well as in model animals e.g. mice, (TIMTCHENKO et al., 1999) , obese individuals displayed elevated plasma leptin levels compared to subjects of normal weight, thus demonstrating "leptin resistance". It was observed that the level of leptin expression might simply be an indicator of adipocyte size in both lean and obese mice (HOUSEKNECHT et al., 1996) . Leptin levels demonstrate circadian rhythm therefore the amount of leptin in the body is not at constant level but pulsatile (LICINIO et al., 1997) . Nevertheless, the level of leptin expression might be considered an indicator of fat accumulation provided that the physiological fluctuation of expression is also addressed.
Mechanism of leptin function
Although many facets of leptin action are not well understood, it is clear that leptin can suppress feed intake and that it can lead to body weight reduction. Neuropeptide Y has been shown to be a potent stimulator of feed intake and inhibitor of brown fat thermogenesis and, subsequently, its action has been incorporated into our understanding of the leptin signal pathway. Increased leptin levels, due to abundant fat stores, have been shown to decrease Neuropeptide Y expression (SCHWARTZ et al., 1996) . This, in turn, activated the sympathetic nervous system and stimulated the heat producing activity of brown adipose tissue resulting in increased whole body energy expenditure and weight loss. While this theory is attractive, it has recently been reported that Neuropeptide Y-deficient mice are normal with respect to food intake. Thus, it is likely that alternative factors exist which can replace the Neuropeptide Ydependent pathway. In addition, humans, in contrast to rodents, have very small brown adipose tissue deposits, but it is not clear what role these deposits may play in thermally-based weight loss. An alternative theory concerning the role of leptin suggests that its importance in feed intake may be linked to its ability to regulate the neuroendocrine system during periods of starvation. In this regard, the interaction between leptin and type 2 corticotropinreleasing hormone receptor in the ventromedial hypothalamus (MAKINO et al., 1998) has been addressed. Data have suggested that weight reduction and decreased food intake after administration of a high dose of corticosterone depend, at least partially, on leptin secretion. Obviously more research on all metabolic aspects of leptin is necessary. There is expanding evidence that suggests leptin may act peripherally. Leptin receptors are found outside the central nervous system, but only the short forms of the leptin receptor prevail in most tissues. Leptin treatment of hepatic cells has been shown to inhibit several insulin-induced activities, including tyrosine phosphorylation of the insulin receptor substrate-1 and down-regulation of gluconeogenesis (COHEN et al., 1996) .
Regulation of leptin expression
The amount of leptin in plasma can be regulated via gene transcription and/or protein turnover. For example, CCAAT/enhancer binding proteins alpha and beta, and peroxisome proliferator-activated receptor gamma have been implicated in the transcriptional regulation of leptin (HE et al., 1995; HWANG et al., 1996; MILLER et al., 1996; KALLEN and LAZAR, 1996; MASON et al., 1998) . Other factors shown to regulate the expression of leptin include glucocorticoids, insulin, cAMP and betaadrenergic receptors. Influences of age, sex, diet and fasting on leptin expression have also been investigated (SLIEKER et al., 1996; DE VOS et al 1997) . Factors reported to induce leptin secretion include insulin and infiammatory mediators such as lipopolysaccharide, interleukin-1 beta and tumor necrosis factor-alpha (KIRCHGESSSNER et al., 1997) . Insulin has been shown to act on both leptin transcription and regulation of its secretion. Furthermore, insulin and leptin appear to be part of a feedback loop wherein insulin stimulates leptin secretion and circulating leptin inhibits insulin produetion (independently of feeding). Although speculative, there is evidence to suggest that adipocyte size may be a major determinant of leptin mRNA expression (COLLINS et al., 1996) . Perhaps insulin and the size of white adipocytes (reflecting stored fat amount), determine the actual quantity of leptin released.
Leptin and meat science
Ongoing research in meat science is attempting to achieve a balance between produetion efficiency and product palatability. One of the main goals in animal produetion is to increase the quantity of intramuscular fat while at the same time reducing the quantity of fat in other depots. Through classical selection schemes, animal breeds differing in fat deposition have already been established. These animals could be useful in studying the effects of genetic contribution to meat produetion and fat regulation. It is of particular interest to study fat distribution mechanisms with regard to both clinical relevance in humans and meat quality in animals. In humans, the subeutaneous fat depot is considered to be of less risk than abdominal fat with regard to obesityrelated pathological consequences among similarly overweight subjects (BOUCHARD et al., 1993) . Leptin seems to be one ofthe factors involved in depot-speeifie fat distribution. In humans, leptin has been shown to be expressed at significantly higher levels in subeutaneous tissue than in omental tissue (MONTAGUE et al., 1997) . Higher expression has also been observed in swine subeutaneous fat tissue than in the omental and retroperitoneal fat depots (WERNER et al., 1998) . In our studies ofthe bovine system, the highest levels of leptin mRNA expression were found in perirenal adipose tissue, followed by subeutaneous adipose tissue with the lowest levels seen in mesenteric adipose tissue (our unpublished data). As indicated in obesity studies, differences in regional fat distribution are even more complex in terms of genetic and physiological determinants when compared to the previously mentioned observations concerning leptin levels in obese individuals. Factors that may be involved in modulating fat distribution include age, gender, and various regulators Controlling the development of adipose cells (REBUFFE-SCRTVE et al., 1985) . Significant association had been shown between Variation of lipoprotein lipase activity in adipose tissue and regional fat distribution, lipoprotein lipase therefore had been proposed to be a key regulator of regional fat distribution in various adipose areas. The lipoprotein lipase activity as well as the amount of lipoprotein lipase mRNA were found to be higher in abdominal fat tissue than in gluteal fat in men, while the opposite was observed in women (FRIED and KRAL, 1987; RAISON et al., 1988) . Similar to leptin expression levels, Variation in lipoprotein lipase activity has been shown to be affected by differences in adipocyte size (FRIED and KRAL, 1987) . This Observation suggested the existence of a possible common regulatory mechanism involving leptin and lipoprotein lipase. The analysis in the bovine system indicated that the lowest amount of bovine lipoprotein lipase mRNA was found in the perirenal fat tissue, while the highest levels were observed in mesenteric fat (our unpublished data). Despite these observations, direct evidence of the relationship between leptin and lipoprotein lipase, as well as other members in the adipogenic regulatory pathway, remains to be elucidated.
Conclusion
Though body energy gain may vary under different physiological conditions, Variation in response to many external factors is undoubtedly influenced by genotype. QTL analysis in segregating pedigree structures and candidate gene strategies are now emerging as complementary tools in the search for genes responsible for meat quality traits such as adipose tissue development and fat distribution in animals. Among numerous regulatory and metabolic molecules, leptin is a particularly prominent candidate with respect to further studies of feed intake, gender related fat accumulation and regional fat distribution in farm animals. Different leptin levels and gene transcript amounts may serve as potential selection markers for breeding programs towards improving meat quality. The analysis ofthe relationships between leptin and other fatrelated metabolic factors will help to understand the role of leptin in fat deposition and perhaps ultimately in meat quality.
